BACKGROUND: It is unclear whether individuals who have serious psychological distress (SPD) are less likely to participate in screening tests for gastric cancer, lung cancer, and other types of cancer. Of the few studies that have examined the association between SPD and participation in cancer screening, none have reported modifying effects of educational, marital, or employment status. METHODS: The authors analyzed a national representative data set from the 2010 Comprehensive Survey of Living Conditions of Japan., including individuals aged <69 years who met the national program criteria for each type of cancer screening (colorectal, gastric, and lung cancers, n 5 29,926; breast cancer, n 5 15,423; and cervical cancer, n 5 24,735). SPD was defined as a score of 13 or greater on the Kessler 6 scale. Logistic regression analyses were conducted to examine the association between SPD and participation in cancer screening, and multivariate analyses stratified by socioeconomic status also were conducted. RESULTS: SPD was significantly associated with a lower odds ratio (OR) for participation in screening for colorectal cancer (OR, 0.743; 95% confidence interval [CI], 0.638-0.866), gastric cancer (OR, 0.823; 95% CI, 0.717-0.946), and lung cancer (OR, 0.691; 95% CI, 0.592-0.807). Only educational status significantly modified the effect of SPD on participation in these 3 types of cancer screening (P <.05). CONCLU-SIONS: Individuals with SPD, especially those with lower education levels, were less likely to participate in screening for colorectal, gastric, and lung cancers. Individuals with SPD should be encouraged and supported to participate in cancer screening tests. Cancer 2018;124:555-62.
INTRODUCTION
Cancer screening programs are an important part of preventive health care. Several studies have reported that individuals experiencing psychological distress (PD), such as depression or anxiety, are less likely to participate in cancer screening. According to our in-house, preliminary, systematic review, most population-based studies examining the associations between PD and screening for colorectal, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] breast, [1] [2] [3] [4] [5] [6] 10, [14] [15] [16] [17] [18] [19] [20] [21] or cervical cancers 1, 3, 10, 15, [17] [18] [19] [22] [23] [24] have been conducted in North America or Europe. One meta-analysis reported a significant reduction in mammography screening rates among women with mood disorders. 25 However, subsequently published studies reported a nonsignificant association between PD and participation in mammography screening. 10, 14, [18] [19] [20] [21] Findings for colorectal and cervical cancer screening have been controversial. Moreover, because the majority of previous studies were conducted in countries with relatively high cancer screening rates, their findings may not be applicable to countries with lower cancer screening rates, such as Japan. 26 Only a few studies have examined the association between PD and cancer screening behavior in Asia. 7, 27 We identified only 1 study on gastric cancer screening, which is more important in Eastern Asia, where the incidence and mortality rates of gastric cancer are relatively high.
Low socioeconomic status (SES) reportedly is associated with both high PD 28 and nonparticipation in cancer screening. 29 However, only a few studies have considered the modifying effect of SES on the relation between PD and participation in cancer screening. 4, 8, 11, 20 The objectives of the current study were: 1) to investigate the association between serious PD (SPD) and participation in cancer screening in the general population, and 2) to explore the modifying effect of SES on the association between SPD and participation in cancer screening.
MATERIALS AND METHODS

Setting
In Japan, all residents are required to join the public health insurance program, and individuals' medical expenses are kept below specified limits according to their income. Residents can access cancer screening provided by municipalities or opportunistic screening, which may be free or include a low copayment.
Data Source
We used an anonymized data set from the 2010 Comprehensive Survey of Living Conditions (CSLC) conducted by the Ministry of Health, Labor, and Welfare (MHLW) of Japan, 26 which is a national cross-sectional survey. The 2010 Household and Health questionnaire covered 289,363 households (comprising approximately 750,000 individuals) in Japan who were randomly sampled from 5510 districts included in the 2005 National Census. The response rate for the 2010 Household and Health questionnaire was 79.1% (228,864 responses). We used an anonymized subset of the data comprising 93,730 responses, which was resampled by the MHLW while maintaining representativeness. 30 Because our analysis of the anonymized data set was conducted independently, our statistical data may differ from those published by the MHLW.
Participants
We included 1) individuals ages 40 to 69 years for analyses of colorectal, gastric, and lung cancer screening; 2) women ages 40 to 69 years for analyses of breast cancer screening; and 3) women ages 20 to 69 years for analyses of cervical cancer screening. We excluded participants based on the following criteria: 1) unknown age; 2) in hospital or in social welfare facilities at the survey date, or this information was unknown; 3) currently attending outpatient clinics for malignant neoplasm, pregnancy, or postpartum care; and 4) not independently mobile.
Variables
Cancer screening
The main outcome variables were participation in colorectal, gastric, or lung cancer screening within 1 year and breast and cervical cancer screening within 2 years. The MHLW recommended the following types of cancer screening at the time of the survey: fecal occult blood testing for colorectal cancer screening, upper gastrointestinal x-ray for gastric cancer screening, chest x-ray for lung cancer screening for individuals aged 40 years every year, mammography for breast cancer screening for women aged 40 years every 2 years, and Papanicolaou (Pap) smear testing for cervical cancer screening for women aged 20 years every 2 years. The 2010 CSLC questionnaire asked whether respondents had received these recommended screening tests as well as an upper endoscopy test for gastric cancer screening and breast ultrasound for breast cancer screening, which were not included on the MHLW list of recommended tests in 2010.
Psychological distress
The Kessler 6 (K6) scale was used to measure PD in the CSLC. The K6 scale was developed as a brief screening scale for nonspecific PD in adults 31, 32 and consists of 6 questions asking about symptoms of PD in the previous month. We classified SPD as a K6 score 13.
31
Covariates
The categorical variables age, sex, educational status, employment status, marital status, type of health insurance, smoking status, the presence or absence of current visits to outpatient clinics for physical illness, and independence of daily living were included as potentially confounding variables.
Statistical Analysis
All analyses were conducted with SPSS version 22 (IBM Corporation, Tokyo, Japan). The characteristics of the 3 groups are described in Table 1 . We conducted multivariate logistic regression analyses to assess the associations between SPD and participation in each type of cancer screening. In model 1, we calculated the partially adjusted odds ratio (OR) and 95% confidence interval (CI) of SPD for participation in cancer screening with adjustment for age and sex. In model 2, we calculated the fully adjusted OR of SPD with adjustment for all covariates. In addition, we calculated the fully adjusted OR of PD divided into 4 score categories (no PD, 0-4; mild PD, 5-9; moderate PD, 10-12; and severe: PD, 13) 33 to explore potential associations in more detail (for example, the possible association between moderate levels of anxiety and Original Article higher likelihood of participating in cancer screening, compared with individuals with milder or more severe levels of anxiety).
We performed multivariate analyses (model 2) stratified by each SES category to test for the possible modifying effect of SES on the associations between SPD and participation in each type of cancer screening.
Marital status and employment status were reclassified into 2 categories to simplify the models a priori: married and nonmarried and employed (regardless of type of employment) and unemployed. In the analysis stratified by employment status, we used the subsample of respondents younger than the general compulsory retirement age of 65 years. 
RESULTS
A sample flowchart is provided in Figure 1A -C. Table 1 provides the individual characteristics of the 3 groups. The cancer screening rates of the samples were 29% for colorectal cancer screening, 36% for gastric cancer screening, 28% for lung cancer screening, 42% for breast cancer screening, and 41% for cervical cancer screening. Table 2 provides the ORs for participation in each type of cancer screening for SPD. SPD was significantly associated with nonparticipation in screening for colorectal, gastric, and lung cancers. The association between SPD and participation in breast cancer screening was not significant in model 2, and SPD was not significantly associated with cervical cancer screening in either model. In the additional analyses using PD divided into 4 categories, compared with the reference group ("no PD"), none of the ORs for other PD categories were >1.0 for any type of cancer screening (data not shown). Table 3 indicates that, among respondents who had a high school level of education or lower and those who had a junior college/vocational college level of education, respondents with SPD were significantly less likely to participate in colorectal, gastric, and lung cancer screening than those without SPD. In contrast, SPD was not significantly associated with cancer screening among respondents who had a college or higher level of education. We conducted post hoc, multivariate logistic regression analyses to test the potential modifying effect of educational status on the relation between SPD and participation in cancer screening (including the interaction term of SPD 3 dichotomous educational status ["college or higher" vs "other lower education group"] in model 2). The interaction term was significant for all 3 types of screening (colorectal cancer, P 5 .003; gastric cancer, P 5 .004; lung cancer, P 5 .041). For breast and cervical cancer screening, the point estimates of ORs were lower in the "other lower education" group than in the "college or higher" group, although the interactions were not significant in the post hoc analyses (breast cancer, P 5 .055; cervical cancer, P 5 .473). For the analyses stratified by marital status, similar ORs were obtained in the "married" and "nonmarried" groups for all cancer sites, and the interactions were also nonsignificant in the post hoc analysis (data not shown). Similarly, for all cancer sites, employment status ("employed" vs "unemployed") did not significantly modify the relation between SPD and participation in screening (data not shown).
DISCUSSION
This nationally representative survey demonstrated an association between SPD and participation in colorectal, gastric, and lung cancer screening, but not breast or cervical cancer screening. The results were confirmed by additional analyses using a variable of PD divided into 4 categories. The current findings provide new knowledge relevant to Asia and other countries with low cancer screening rates. In addition, educational status modified the effect of SPD on participation in colorectal, gastric, and lung cancer screening.
Three previous US population-based studies using the K6 scale demonstrated a nonsignificant association between PD and participation in colorectal cancer screening. 1, 10, 12 This inconsistency may be caused by differences in cancer screening systems, medical systems, or cultures. Further studies in other countries are needed to clarify the association. We observed a significant association between SPD and nonparticipation in gastric cancer screening. This finding is inconsistent with results from a Korean study reporting a nonsignificant association between depression, as assessed by a single question, and participation in gastric cancer screening. 27 Korea has higher cancer screening rates than Japan, perhaps because of differences in its national health care systems, such as a call-recall system and large financial incentives. 34 The inconsistent findings also may be related to the use of different PD measures (the K6 scale vs a single question). In addition, the association between SPD and lung cancer screening in the current study is a novel finding. To our knowledge, no previous studies have reported such as association, possibly because very few countries have lung cancer screening programs. The current study did not reveal a significant association between SPD and nonparticipation in breast cancer screening in the fully adjusted model. However, 3 of 4 previous population-based studies reported a significant association using the K6 scale, 10, 17, 18 and the other reported a nonsignificant association, 1 whereas a metaanalysis demonstrated a significant association between mood disorders and nonparticipation in mammography. 25 In addition, our current post hoc analysis of the association between SPD and participation in breast cancer screening within 1 year revealed an OR that was nearly significant in the fully adjusted model (OR, 0.834; 95% CI, 0.693-0.1.003; P 5 .054). Thus, a 1-point assessment using the K6 scale cannot measure 2-year PD, and the association may be diluted.
Our study did not indicate a significant association between SPD and nonparticipation in cervical cancer screening in either model. Of 4 previous populationbased studies using the K6 scale, 2 studies demonstrated a significant association, 10, 18 and 2 indicated a nonsignificant association. 1, 17 Our post hoc analysis also was nonsignificant. Therefore, overall, the association seems to be nonsignificant. However, although previous studies reported that the relation differed by age group, 17, 22 our post hoc analysis demonstrated no significant difference in the OR between the groups ages 20 to 39 years and 40 to 69 years (data not shown). Compared with other cancers, cervical cancer is characterized by relatively young age of onset and screening, which might lead to differences in individual's attitudes toward screening or in the effectiveness of public activities to increase the cervical cancer screening rate.
Educational status modified the association between SPD and participation in colorectal, gastric, and lung cancer screening. To our knowledge, only 1 study has reported an interaction between PD and educational status on receiving cancer screening. 8 None of the reported interactions between depression and covariates, including educational level, were significantly associated with participation in colorectal cancer screening with colonoscopy. 8 In contrast, we examined the interaction with a different colorectal cancer screening method, fecal occult blood testing, which may have contributed to the inconsistency. In the highly educated group (university and above), cancer screening rates did not differ between individuals with and without SPD. High health literacy, reflected by higher education, 35 may attenuate the influence of SPD. Thus, less educated individuals with SPD may be at high risk of nonparticipation in colorectal, gastric, and lung cancer screening.
Our findings have significant implications for public policy makers. Individuals with SPD, especially those who have less education, might not benefit equitably from public activities to promote cancer screening. Therefore, an effective public-awareness campaign specifically targeted to this population is needed. An individual approach for individuals with SPD could also be worth considering. Given that almost one-half of those with serious mental health disorders receive treatment, 36 primary care and psychiatric clinics may be ideal settings in which to approach individuals who have SPD-particularly those with chronic mental illness-to encourage and support them to undergo cancer screening. It may be also useful to increase health literacy using an educational approach in community mental health centers and clinical settings. Further studies are needed to develop and examine the effects of such interventions.
The current study involved several limitations that should be considered. First, the self-report data could have overestimated the level of participation in cancer screening. Second, the presence of SPD was self-reported using the K6 scale, which is just a screening tool for psychiatric disorders. Therefore, it is unknown which kind of PD or type of psychiatric disorder most strongly affected cancer screening behavior. Third, there was a timing gap between answering the K6 and participation in cancer screening, which may have been as much as 1 year for colorectal, gastric, and lung cancer screening and 2 years for breast and cervical cancer screening. Fourth, there may have been a selection bias. Individuals with more serious psychological conditions might have declined to participate in the survey or to answer the K6 item, which might have led to underestimation of the effect of SPD on cancer screening participation. Fifth, we did not adjust for all potential confounding factors, such as personality traits, household income, and residential area, which were not included in our anonymized data set. Sixth, the applicability of our findings to countries with different health care systems is unknown. Finally, the true medical endpoint was the influence of SPD on cancer mortality, which was not clarified by the current study.
Conclusion
This large-scale, cross-sectional study of nationally representative data revealed that individuals with SPD are less likely to participate in screening for colorectal, gastric, and lung cancers. This association is stronger for individuals with lower levels of education. Therefore, policy makers and health care providers should address disparities in the rates of cancer screening among this population.
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